INTRODUCTION {#sec1-1}
============

The incidence of diabetes in the world is showing an increasing trend with each passing day. The therapeutic approach to type 2 diabetes mellitus usually commences with a single hypoglycemic agent, which most of the times, is metformin, a biguanide.\[[@ref1]\] It reduces hepatic glucose production and improves peripheral glucose utilization slightly. Metformin activates adenosine monophosphate (AMP)-dependent protein kinase and enters cells through organic cation transporters. Metformin is the drug of choice because it not only reduces serum glucose but also improves lipid profile and brings about modest weight loss.\[[@ref2]\] However, there are several disadvantages to the use of metformin, the one which the present study discusses is Vitamin B12 deficiency induced by it.\[[@ref1][@ref3]\] The mechanism behind this remains unclear; however, it is thought to be due to either alteration in small bowel motility, resulting in bacterial overgrowth and subsequent B12 deficiency, or by directly decreasing Vitamin B12 absorption.\[[@ref3]\]

The deleterious effects of diabetes mellitus on the retinal, cardiovascular, and peripheral nervous systems are widely acknowledged; however, very little concern has been shown toward the cognitive impairment seen in diabetics.\[[@ref4]\] The cognitive decrements may involve memory function, executive function, and information-processing speed and therefore should raise an alarm and attract research toward itself.\[[@ref5]\] Cognition implies the thinking processes of the brain, using both the sensory input to the brain and the information already stored in the memory. It is a complex phenomenon which relies on neurotransmitter processes such as serotonin, dopamine, and gamma-aminobutyric acid to coordinate the signals that are sent to the different areas of the brain such as the hippocampus and prefrontal cortex, which serve the episodic and working memory.\[[@ref6]\]

Several tools and tests have been devised and standardized by physiologists and cognitive scientists to assess cognitive functions, which include Bender-Gestalt test,\[[@ref7]\] Wechsler Memory test,\[[@ref8]\] Halstead-Reitan Categories Test,\[[@ref9]\] Trail Making Tests,\[[@ref10]\] and the Mini-Mental State Examination.\[[@ref11]\] However, electrophysiological tests have proven to be a reliable tool to document cognitive impairment in diabetes, even at an early stage of the disease.\[[@ref12]\] Cognitive functions of the brain are evaluated by using event-related potentials (ERPs) which are those potentials of the electroencephalogram (EEG) that are evoked by the perception of or the preparation for events, and they include an early sensory-evoked potential and a late cognitive response (p300 component). In other words, it is evoked by unexpected stimuli and indicates the amount of processing required by a given stimulus.\[[@ref13][@ref14]\]

The mechanism underlying cognitive impairment in type 2 diabetes mellitus is not completely understood. Vitamin B12 deficiency induced by metformin\[[@ref1][@ref3]\] might be responsible for the cognitive impairment in these patients. Therefore, the present study aims at identifying whether metformin therapy induces Vitamin B12 deficiency in type 2 diabetics and whether this B12 deficiency correlates with the degree of cognitive impairment in them by employing ERPs as a tool to study cognitive functions.

MATERIALS AND METHODS {#sec1-2}
=====================

Setting {#sec2-1}
-------

The study was carried out in the electrophysiological laboratory, Department of Physiology, UCMS and GTB Hospital, Delhi. The patients were recruited from the Diabetic Clinic, Department of Endocrinology and Metabolism, UCMS and GTB Hospital, Delhi. The control group subjects were randomly chosen from the hospital staff. Both, the people with diabetes and the control group subjects were age-matched. A written informed consent was obtained from all the participants, for ERPs\' recordings and sample collection, prior to enrollment in the study. Ethical clearance was obtained from the Institutional Ethical Committee.

Type of study: Case--control study.

Subjects {#sec2-2}
--------

Study group: Thirty type 2 diabetes mellitus patients taking a minimum dose of 1 g/day of metformin for at least 6 monthsControl group: Thirty normal healthy subjects of the same age group.

Subjects with history of head injury, epilepsy, migraine, drug abuse, malabsorption, type 1 diabetes, any other metabolic disorders, or neurological abnormality were excluded from the study. Subjects on Vitamin B12 supplementation, subjects taking metformin for diseases other than diabetes, and subjects taking oral hypoglycemic other than metformin or in combination with metformin were also excluded from the study.

Relevant history and examination to rule out exclusion criteria and to look for the presence of abnormality or disease if any was done. Height and weight of all subjects were measured and body mass index (BMI) calculated.

Event-related potentials {#sec2-3}
------------------------

The recording was done from the scalp of the subjects using Octopus 4 M/C NCV/EMG/EP system by Biostar healthcare, India. The recording was done in a sound-proof room, using the silver chloride disk electrodes placed at standard scalp locations of the 10--20 international system. The electrodes were placed at vertex of head (reference electrode), forehead (grounding electrode), and ear lobes (active electrodes) after cleaning the scalp and skin site with alcohol followed by Skinpure™ skin preparation gel and EEG paste Elefix™. The skin electrode contact impedance was kept at \<10 kΩ. During the recording session, subject was instructed to fix his eyes on a particular spot on the wall in front to avoid electro-oculographic artifacts due to eye movement.

The auditory ERPs were recorded using an "oddball paradigm" wherein two stimuli (target and nontarget) were presented in a random order by headphones. The target stimulus was a 2 KHz beep sound with 20% occurrence and the nontarget was a 1 KHz click with 80% occurrence. The auditory stimuli had 10 ms rise/fall time, 100 ms duration, and intensity of 90 dB. The evoked potentials were filtered with a band pass of 0.1--50 Hz and averaged for 100 responses. The response time ranged from 0 to 500 ms.

ERPs were recorded from the scalp of the subjects while the subjects performed psychomotor task on the computer. The subjects had to press a button on the response pad with the thumb of their dominant hand on the hearing of target stimulus (beep) delivered by the headphones. The peak latencies of the ERPs were evaluated from stimulus onset (stimulus artifact) to the peak point of the particular wave, i.e., the point of greatest amplitude. Amplitude was measured as the distance of the corresponding peak from the baseline. Peak latencies of N100, P200, N200, and P300 and amplitude of N200--P300 wave were recorded and evaluated.

Serum Vitamin B12 levels {#sec2-4}
------------------------

Blood (5 ml) was collected in plain vials. The samples were allowed to clot for 2 h at room temperature. The samples were then centrifuged at approximately 3000 rpm for 30 min. Serum was then used for Vitamin B12 assay which was based on the principle of ELISA. Serum Vitamin B12 levels \<200 pg/ml were defined as deficient levels.

Statistical analysis {#sec2-5}
--------------------

Analysis was done using SPSS 20Statistical Package (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY). The two groups were compared by unpaired *t*-test. Data have been presented as mean ± standard deviation. *P* \< 0.05 has been considered statistically significant. Vitamin B12 levels were correlated with the dose and duration of metformin use using the Spearman\'s rho correlation coefficient. Further, the Vitamin B12 levels were correlated with latencies of the ERPs.

RESULTS {#sec1-3}
=======

The cases and controls in the present study were selected from the same age group, but their mean age differed significantly, the mean age of the study group was 51.53 ± 9.9 years and that of the control group 45.35 ± 9.5 years. Analysis of covariance has been applied to eliminate confounders such as age and gender. The age- and gender-adjusted values obtained for all parameters are reported in the result, which have not been found to be significantly different from that obtained earlier. The study group had 13 males and 18 females and the control group included 11 males and 19 females. There was no significant difference in other baseline characteristics such as height, weight, and BMI among the study group and the control group. The mean glycosylated hemoglobin (HbA1c) in the diabetics was 7.14 ± 1.3%, and the mean duration of diabetes was 4.15 ± 2.5 years. All the subjects in the present study were only on metformin therapy with no other medication. None of them were suffering from any diabetic complication or any other systemic condition. The ERPs showed \[[Table 1](#T1){ref-type="table"}\] delayed latencies of waves P200 and P300 among the study group in comparison to the control group (*P* = 0.034 and 0.001, respectively). The latencies of waves N100 and N200 and the amplitude of wave P300, i.e., N200--P300, did not show significant difference between the two groups.

###### 

Event-related potentials compared in controls and study group

![](IJPsyM-38-285-g001)

The serum Vitamin B12 levels were significantly deficient (*P* = 0.00) in the study group, i.e., in people with diabetes taking metformin (143 ± 42.8 pg/ml) as compared to the control group (274.5 ± 64 pg/ml).

The study group was divided into two groups according to the duration of metformin intake \[[Table 2](#T2){ref-type="table"}\]. One group included people with diabetes taking metformin for \<5 years and the other included those taking metformin for ≥5 years. Serum Vitamin B12 levels were significantly lower (*P* = 0.00) in those taking metformin for ≥5 years as compared to those taking metformin for \<5 years. However, on comparing the ERPs among these two groups, no significant difference was found in either the latencies or the amplitudes.

###### 

Serum Vitamin B12 levels in the study group depending on the duration of metformin exposure

![](IJPsyM-38-285-g002)

The study group was also divided into two groups according to the dose of metformin \[[Table 3](#T3){ref-type="table"}\]. One group included people with diabetes taking \<1500 mg of metformin per day and those taking metformin ≥1500 mg/day. Serum Vitamin B12 levels were significantly lower (*P* = 0.00) in those taking ≥1500 mg metformin per day as compared to those taking \<1500 mg. However, on comparing the ERPs among these two groups, no significant difference was found in either the latencies or the amplitudes.

###### 

Serum Vitamin B12 levels in the study group depending on the dose of metformin exposure

![](IJPsyM-38-285-g003)

Vitamin B12 levels were found to have a significant negative correlation with the dose of metformin (*r* = −0.7) and also a significant negative correlation with the duration of metformin intake (*r* = −0.5). However, no significant correlation was found between the Vitamin B12 levels and the ERPs.

DISCUSSION {#sec1-4}
==========

The present study showed significantly delayed latencies of waves P200 and P300 in the people with diabetes taking metformin when compared to normal age-matched controls. The N100 and P200 components of the ERPs reflect the activity occurring in neural areas activated by sensory stimuli and are independent of the subject\'s attention.\[[@ref15]\] The N200 component is related to the degree of unexpectedness of the stimulus.\[[@ref16]\] The P300 component of the ERPs is associated with psychological processing. It is generated from various sites of the brain including the cortical and subcortical areas, particularly the auditory cortex, hippocampus, amygdala, brainstem, and thalamic structures.\[[@ref17]\] The P300 wave is believed to reflect cognitive processes underlying attention allocation and memory updating,\[[@ref18]\] and its amplitude indicates the amount of difficulty encountered in differentiating target from nontarget stimuli in the "oddball" paradigm of the ERP.\[[@ref19]\] The present study therefore observed cognitive impairment in the diabetics taking metformin.

Through the present study, we also observed that serum Vitamin B12 levels were deficient in diabetics taking metformin while they were not deficient in the control group. In addition, this Vitamin B12 deficiency was worse as the duration and dose of metformin exposure progressed. Various mechanisms have been proposed that may underlie this B12 deficiency induced by metformin, including:

Alterations in small bowel motility which stimulates bacterial overgrowth and subsequent Vitamin B12 deficiencyCompetitive inhibition or inactivation of Vitamin B12 absorptionAlterations in intrinsic factor (IF) levelsInteraction with the cubilin endocytic receptor\[[@ref20]\]Inhibition of the calcium-dependent absorption of Vitamin B12-IF complex at the terminal ileum. This inhibitory effect can be reversed with calcium supplementation.\[[@ref21]\]

The present study demonstrated that the Vitamin B12 deficiency worsened with the increase in dose and duration of metformin. Likewise, Marar *et al*. also demonstrated similar results. The presence of Vitamin B12 deficiency was more in the metformin exposed group as compared to the nonmetformin exposed group and a significant inverse relationship existed between the B12 levels and the dose and duration of metformin.\[[@ref1]\] Another study demonstrated that patients with type 2 diabetes who were exposed to metformin for \>6 months had lower Vitamin B12 levels and that Vitamin B12 levels had a significant correlation with the dose of metformin.\[[@ref22]\]

Patients with type 2 diabetes mellitus have been found to have cognitive impairment.\[[@ref23]\] The present study also abides by this fact. Type 2 diabetes has been associated with decreases in psychomotor speed, executive function,\[[@ref23]\] verbal memory, processing speed,\[[@ref24]\] complex motor functioning, and working memory.\[[@ref23]\] However, since the present study observed that the ERPs did not have any correlation with the Vitamin B12 levels, Vitamin B12 deficiency does not underlie the cognitive impairment seen in diabetics. Various studies have proposed that several mechanisms pertaining to diabetes are responsible for this cognitive impairment. Biessels *et al*.\[[@ref25]\] mentioned that atherosclerosis, microvascular disease as a result of insidious ischemia, advanced protein glycation and oxidative stress as a result of glucose toxicity, and insufficient insulin action are major factors responsible for dementia in type 2 diabetics. However, for cognitive dysfunction, either blood glucose disorders such as hyperglycemia or insulin disorders such as insulin resistance or microvascular damage may be held responsible.\[[@ref4]\]

Cognitive impairment due to hyperglycemia can be attributed to neuronal changes as a result of advanced glycosylated end-product production and oxidative stress.\[[@ref25][@ref26]\] Cognitive dysfunction is also associated with the action of insulin. There is a large number of insulin receptors in the hippocampus and cerebral cortex, which play a central role in memory.\[[@ref25]\] Insulin induces the release of β-amyloid peptide (Aβ) in cells to the cell exterior and promotes the expression of insulin-degrading enzyme (IDE). In case of insulin resistance, hyperinsulinemia causes downregulation of insulin receptors and also less insulin comes into the brain.\[[@ref27]\] Moreover, as insulin is degraded by IDE, in the high insulin state, IDE gets consumed resulting in an increase in Aβ causing cognitive impairment. Another mechanism that may underlie cognitive disruption in type 2 diabetics is diabetic microvascular disease.\[[@ref28]\] It has been proposed that damage to cerebral small vessels as a result of ischemia or damage to nerve sheaths is probably responsible.\[[@ref29]\] Abnormal polyol pathway and myoinositol metabolism could alter glucose metabolism in the frontal lobe, resulting in cognitive impairment.\[[@ref30]\]

Limitations {#sec2-6}
-----------

Ideally, if the diabetics on metformin were compared with diabetics not taking metformin rather than normal subjects, it would have answered the research question better. However, since in our clinical setup, every person diagnosed with diabetes is started with metformin as the first-line treatment and even those taking combination therapy have metformin included in their treatment, so, taking this group was not possible for us.

CONCLUSIONS {#sec1-5}
===========

It is known that there is Vitamin B12 deficiency in diabetes; however, this cannot be demonstrated by the findings of this particular studyTreatment with metformin also seems to contribute to B12 deficiency as there is a dose- and duration-related correlationPeople with type 2 diabetes have impaired cognitive functions, but Vitamin B12 deficiency does not seem to be responsible for it as no significant correlation was found between the Vitamin B12 levels and the ERPs.

Hence, treatment of diabetes adequate to check the progression of the disease process must be paid importance. This can keep a check on the cognitive dysfunction and thus provide a better quality of life to people suffering from type 2 diabetes mellitus.
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